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Abstract 
(DUO\VWDJHVRIDSURGXFW¶VGHVLJQDUHFULWLFDOIRUGHFLVLRQVLPSDFWLQJWKHHQWLUHOLIHF\FOHFRVW3URGXFWGHVLJQHUVKDYHPDVWHUHG
WKHILUVWJHQHUDWLRQEXWWKH\KDYHQRDELOLW\WRNQRZWKHLPSDFWRIWKHLUGHFLVLRQVRQPXOWLJHQHUDWLRQDOSURGXFWV7KHUHLVDQHHG
IRUWRROVWKDWDLPDWFORVLQJWKHJDSEHWZHHQWRWDOOLIHF\FOHLQIRUPDWLRQDQGWKHWUDGLWLRQDOGHVLJQSURFHVV7KLVSDSHUSUHVHQWVD
IUDPHZRUNIRUDGHFLVLRQVXSSRUWWRROWKDWXVHVDFRPELQDWLRQRIDOLIHF\FOHFRVWLQJPHWKRGRORJ\DQGDQHYROXWLRQDU\DOJRULWKP
WRDVVHVVGHVLJQGHFLVLRQVVSHFLILFDOO\UHODWHGWRPDWHULDOVHOHFWLRQ$FDVHVWXG\LVLQFOXGHGWRYDOLGDWHWKHQHZPHWKRGRORJ\

7KH$XWKRUV3XEOLVKHGE\(OVHYLHU%9
3HHUUHYLHZXQGHUUHVSRQVLELOLW\RIWKHVFLHQWLILFFRPPLWWHHRIWKHVFLHQWLILFFRPPLWWHHRIWKHUG&,53&RQIHUHQFHRQ/LIH&\FOH
(QJLQHHULQJ
.H\ZRUGV&LUFXODU(FRQRP\0DWHULDO6HOHFWLRQ/LIH&\FOH&RVWLQJ3URGXFW'HVLJQ5

1. Introduction 
'XHWRWKHUHRFFXUULQJIDLOXUHRIWKHOLQHDUHFRQRP\PRGHO¶V
DELOLW\WRPHHWWKHZRUOG¶VG\QDPLFVXVWDLQDELOLW\FKDOOHQJHVD
QHZHFRQRPLFPRGHOLVVXUJLQJWRWKHIRUHIURQW7KLVFRQFHSW
NQRZQ DV WKH FLUFXODU HFRQRP\ &( LV JDLQLQJ
DFNQRZOHGJHPHQW DPRQJ JRYHUQPHQWV FRUSRUDWLRQV DQG
XQLYHUVLWLHV 7KH OHDG FKDPSLRQ WKH (OOHQ 0DF$UWKXU
)RXQGDWLRQ >@ DPRQJ RWKHUV KDYH UHFRJQL]HG WKDW WRGD\¶V
ZRUOG FRQFXUUHQWO\ UHTXLUHV VXVWDLQHG HFRQRPLF JURZWK
HQYLURQPHQWDO SURWHFWLRQ DQG VRFLHWDO ZHOOEHLQJ +RZHYHU
RIWHQ WLPHV WKH FLUFXODU HFRQRP\ FRQFHSW EHLQJ SXVKHG LQ
SROLWLFDO DUHQDV ODFNV D GHILQHG WHFKQLFDO RU HQJLQHHULQJ
LPSOHPHQWDWLRQ 7KLV LV ZKHUH WKH UHFHQWO\ HVWDEOLVKHG 5
PHWKRGRORJ\ IRU VXVWDLQDEOH PDQXIDFWXULQJ 5HGXFH 5HXVH
5HF\FOH 5HFRYHU 5HGHVLJQ DQG 5HPDQXIDFWXUH DQG QHZ
GHYHORSPHQWV ZRXOG EH QHHGHG WR FUHDWH DQG GHILQH D QHZ
EXVLQHVVPRGHO EULQJLQJ DERXW VXVWDLQDEOH YDOXH FUHDWLRQ WR
GLIIHUHQWDVSHFWVRISURGXFWGHVLJQDQGPDQXIDFWXULQJ>@
,WLVUHFRJQL]HGWKDWVXVWDLQDEOHPDQXIDFWXULQJLVFRPSULVHG
RIWKUHHFRUHFRPSRQHQWVVXVWDLQDEOHSURGXFWVSURFHVVHVDQG
V\VWHPV>@7KHXQGHUVWDQGLQJRIWKHLQWHJUDWLRQRIWKHVH
Nomenclature 
ܶܮܥܥ  7RWDO/LIH&\FOH&RVW
ܥெிீ   /LIH&\FOH&RVWWR0DQXIDFWXUHU
ܥ஼௎ௌ்  /LIH&\FOH&RVWWR&XVWRPHU
ܲܯ௜    3URFHVVLQJDQG0DQXIDFWXULQJ&RVW
ܴܯ   5DZ0DWHULDO&RVW
ܴܧ௜   5HFRYHU\&RVW
ܴܴܴ௜   5HF\FOH5HPDQXIDFWXUH5HXVH&RVW
ܧ ௜ܵ  (QYLURQPHQWDODQG6RFLHWDO&RVW
ܼ௜   &DVH6SHFLILF&RVWV
ଵܰିே 6XEFDWHJRULHVLQ0DMRU&RVW&DWHJRULHV
݅  ,QGH[LQJIRUVXEFDWHJRULHV
ܩ  RI*HQHUDWLRQV
ݔଷ   RIQHZUDZPDWHULDOQHHGHG
ݔସ   RIPDWHULDOUHFRYHUDEOH
ܣܥ   $FTXLVLWLRQ&RVW
ܯ௜  0DLQWHQDQFH&RVW
௜ܷ   8VDJH&RVW
ܭ   3URILW0DUJLQ)DFWRU
ܫ   ,QFHQWLYL]DWLRQ)DFWRU
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FRUH HOHPHQWV LQWR SURGXFW PDQXIDFWXULQJ LV FULWLFDO LQ WKH
GHYHORSPHQWRITXDQWLWDWLYHSUHGLFWLYHPRGHOV>@,WLVDOVR
XQGHUVWRRGWKDWVXVWDLQDEOHPDQXIDFWXULQJDWSURGXFWSURFHVV
DQGV\VWHPOHYHOVPXVWUHGXFHHQYLURQPHQWDOLPSDFWLPSURYH
HIILFLHQF\UHGXFHZDVWHSURYLGHRSHUDWLRQDOVDIHW\DQGRIIHU
LPSURYHG SHUVRQQHO KHDOWK ZKLOH PDLQWDLQLQJ SURGXFW DQG
SURFHVVTXDOLW\ZLWKDWRWDOOLIHF\FOHFRVWEHQHILW>@7KLV
GHILQLWLRQ LQ LWVHOI FUHDWHV D PXOWLGLPHQVLRQDO SUREOHP WKDW
PXVWORJLFDOO\EHVROYHGWKURXJKVRPHPHWKRGRIRSWLPL]DWLRQ
,QRUGHUWRVROYHWKLVOLIHF\FOHGDWDPXVWEHLQWHJUDWHGLQWRWKH
SURGXFWGHVLJQDQGPDQXIDFWXULQJVWDJHV$QDELOLW\WRGHVLJQ
DSURGXFWIURPWKHEHJLQQLQJZLWKPXOWLSOHOLIHF\FOHVLQPLQG
FUHDWHV D VLJQLILFDQW DGYDQWDJH HFRQRPLFDOO\ DQG FDQ GULYH
DGYDQFHPHQWLQSURGXFWDQGSURFHVVWHFKQRORJ\
7KLVLQWHJUDWLRQRIOLIHF\FOHGDWDLQWRSURGXFWGHVLJQPXVW
EHGRQHDW WKHPRVWHIIHFWLYHSRLQWRI WKHGHVLJQF\FOH7KLV
HIIHFWLYHSRLQWKDVEHHQDJUHHGXSRQE\VFKRODUVWREHSULRUWR
WKHFRQFHSWXDOGHVLJQVWDJHRUDVHDUO\DVSRVVLEOH0RUHQRHW
DO>@DQG6DUDYLHWDO>@HVWLPDWHWKDWWRSHUFHQWRIWKH
OLIHF\FOH FRVWV RI D SURGXFW DUH GHWHUPLQHG E\ SURGXFW
GHVLJQHUV¶ GHFLVLRQV PDGH LQ VWDJHV SULRU WR WKH FRQFHSWXDO
GHVLJQ VWDJH )LJXUH  UHSUHVHQWV WKH FRVW FRPPLWPHQW RI
GHVLJQFKDQJHVDQGWKHDELOLW\WRLQIOXHQFHWKH7ULSOH%RWWRP
/LQH ,PSDFW %/ (FRQRP\ (QYLURQPHQW DQG 6RFLHW\
WKURXJKRXWWKHSURJUHVVLRQRIWKHGHVLJQF\FOH


$ SURGXFW GHVLJQHU¶V PDWHULDO VHOHFWLRQ GHFLVLRQ FDQ
FULWLFDOO\ LQIOXHQFH WKH WRWDO OLIHF\FOH RI D SURGXFWPDWHULDO
7KLVGHFLVLRQJLYHVVXEVWDQFHWRDGHVLJQDQGEULGJHVWKHJDS
IURPFRQFHSWWRUHDOLW\>@,IQRWFKRVHQFRUUHFWO\VHOHFWLRQRI
D PDWHULDO FDQ WUDS D PDQXIDFWXUHU LQWR DVWURQRPLFDO
XQIRUHVHHQ FRVWV :LWK WKH QXPHURXV PDWHULDOV DW VRFLHW\¶V
ILQJHUWLSVWRGD\WKHSRVVLELOLW\IRUWKLVWRRFFXULVJUHDWHUWKDQ
HYHU 7KXV DGHTXDWH FRQVLGHUDWLRQ RI WKH WRWDO OLIHF\FOH RI
WKHVHPDWHULDOVPXVWEHJLYHQLQRUGHUWRXVHWKHVHPDWHULDOVLQ
WKHPRVWHIILFLHQWDQGSURILWDEOHZD\
7KLV SDSHU SUHVHQWV D QRYHO IUDPHZRUN IRU D GHFLVLRQ
VXSSRUW WRRO WKDW DVVHVVHV PDWHULDO VHOHFWLRQ LQ PXOWL
JHQHUDWLRQDOFRPSRQHQWV7KLVIUDPHZRUNXVHVDFRPELQDWLRQ
RI D OLIHF\FOH FRVW PRGHO EDVHG RQ WKH 5 PHWKRGRORJ\
WUDGLWLRQDOHQYLURQPHQWDODQGVRFLDOPHWULFVDQGLQGLFDWRUVDQG
DQ HYROXWLRQDU\ DOJRULWKP WR DVVHVV GHVLJQ GHFLVLRQV
VSHFLILFDOO\UHODWHGWRPDWHULDOVHOHFWLRQ
$VPHQWLRQHGLQWKHSURSRVLWLRQWKHIUDPHZRUNLVLQWHQGHG
IRUPXOWLJHQHUDWLRQDOGHVLJQ7KLVDGRSWVWKHFUDGOHWRFUDGOH
DSSURDFKRIVXVWDLQDEOHPDQXIDFWXULQJ)URP7R[RSHXVHWDO
>@WKLVDSSURDFKDLPVDWEHLQJDGULYLQJLQQRYDWRULQUHDFKLQJ
VXVWDLQDELOLW\JRDOV7KLVFRQFHSWLVLQJUDLQHGLQWKHLGHDWKDW
DQ\PDWHULDOVKRXOGEHYLHZHGDVIRRGWRWKHQH[WJHQHUDWLRQRI
D SURGXFW¶V OLIHF\FOH 7KLV FORVHGORRS DSSURDFK QRW RQO\
WDUJHWV WKH JURZLQJ SUREOHP ZLWK GHSOHWLQJ UHVRXUFHV EXW
UHLPDJLQHVZKDWZDVRQFHFRQVLGHUHGZDVWHLQWRDQHFRQRPLF
DVVHWIRUWKHIXWXUH
7R VDWLVI\ WKH QHHG RI D FRPSRQHQW OHYHO DVVHVVPHQW WKH
IUDPHZRUN LV DOVR EXLOW DW WKH FRPSRQHQW OHYHO 7KH WHUP
FRPSRQHQWFDQEHVXEMHFWLYHDQGFDQPHDQYDULRXVWKLQJV)RU
WKHSXUSRVHVRI WKLV IUDPHZRUNDFRPSRQHQW LVGHILQHGDVD
SDUW RI SURGXFW WKDW LV UHTXLUHG IRU IXQFWLRQDOLW\ SHUIRUPV D
XQLTXHDQGQHFHVVDU\IXQFWLRQLQWKHRSHUDWLRQRIWKHSURGXFW
LV UHPRYHG LQRQHSLHFH DQG LV LQGLYLVLEOH IRU WKHXVH LQ WKH
RYHUDOOSURGXFW
2. Previous Work 
/LIH&\FOH&RVWLQJ

$VLHGXDQG*X>@UHFRJQL]HGWKDWWKHUHH[LVWVWKUHHW\SHV
RIFRVWPRGHOVFRQFHSWXDODQDO\WLFDODQGKHXULVWLF(DFKKDV
LWVDGYDQWDJHVDQGGLVDGYDQWDJHV&RQFHSWXDOPRGHOVODFNWKH
DELOLW\ WR EH DSSOLHG WR DQ LQGHSWK DQDO\VLV EXW HDVLO\
DFFRPPRGDWH QXPHURXV V\VWHPV $QDO\WLFDO PRGHOV DUH D
VHULHVRIPDWKHPDWLFDOUHODWLRQVKLSVWKDWFDQEHJHQHUDOL]HGEXW
RIWHQKDYHWRUHO\RQPDQ\DVVXPSWLRQV+HXULVWLFPRGHOVDUH
RIWHQVSHFLILFWRDQDSSOLFDWLRQEXWGRQRWJXDUDQWHHDQRSWLPDO
VROXWLRQ
$VLHGXDQG*X>@DOVRFODLPWKDWWKHFRVWPRGHOVWKDWDUH
QHHGHGDUHRQHVWKDWWDNHLQWRDFFRXQWWKHWRWDOOLIHF\FOHRID
SURGXFW DUH LPSOHPHQWDEOH LQ WKH HDUO\ GHVLJQ VWDJHV DQG
SURYLGH LQIRUPDWLRQ WR GHVLJQHUV LQ D SUDFWLFDO DQG XVDEOH
IRUPDW,QRWKHUZRUGVWKHUHH[LVWVDQHHGIRUDWRWDOOLIHF\FOH
FRVWPRGHOWKDWLVDFFHVVLEOHLQWKHFRQFHSWXDOGHVLJQVWDJHDQG
LVXVHUIULHQGO\LQLWVLPSOHPHQWDWLRQ6DUDYLHWDO>@VXJJHVW
WKDW WKHUH LVDQHHG IRUDQHDUO\GHVLJQVWDJHFRVWPRGHO WKDW
ZRXOG DOORZ SURGXFW GHVLJQHUV WR PDNH PRUH LQIRUPHG
GHFLVLRQV

0XOWL2EMHFWLYH2SWLPL]DWLRQ

$VVWDWHGSUHYLRXVO\ IRUDGHFLVLRQ WKDW LQYROYHVPXOWLSOH
YDULDEOHV DQG WKDW KDV PXOWLSOH FRQVLGHUDWLRQV WKH W\SH RI
RSWLPL]DWLRQ WKDW PXVW EH LPSOHPHQWHG LV PXOWLREMHFWLYH
RSWLPL]DWLRQ 02 +RZHYHU 02 FDQ EH LPSOHPHQWHG LQ
QXPHURXVZD\V9DULRXVDOJRULWKPVPDWKHPDWLFDOPRGHOVDQG
KHXULVWLFVFDQEHXVHGLQRUGHUVROYHD02SUREOHP'HE>@
VXPPDUL]HVDIHZRIWKHPRVWFRPPRQPHWKRGVZHLJKWHGVXP
DQG HFRQVWUDLQW PHWKRG ,Q DGGLWLRQ WR WKHVH ³FODVVLFDO´
PHWKRGV WKHUH DOVR H[LVWV PHWKRGV NQRZQ DV HYROXWLRQDU\
PXOWLREMHFWLYH RSWLPL]DWLRQ (02 VXFK DV *HQHWLF
$OJRULWKPV*$DQG3DUWLFOH6ZDUP2SWLPL]DWLRQ362
2IWHQZKHQGHVLJQLQJDSURGXFW WKHPDWHULDOPXVWVDWLVI\
PXOWLSOH REMHFWLYHV SHUIRUPDQFH OLJKWZHLJKW UHF\FODELOLW\
FRVW HWF 7KHUH KDV EHHQ FRQVLGHUDEOH UHVHDUFK GRQH LQ WKLV
)LJ'HVLJQF\FOHFRVWFRPPLWPHQW
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ILHOG PRVWO\ LQYROYLQJ WKH XVH RI (02 )RU H[DPSOH
6DNXQGDULQLHWDO>@XVHD*$IRUIRUPXODWLQJDPHWKRGRORJ\
IRUPDWHULDOVHOHFWLRQRIKLJKUHF\FODELOLW\$FDVHVWXG\ZDV
SHUIRUPHGWRVKRZWKHSURSRVHGPHWKRGZDVDEOHWRJHQHUDWH
DQRSWLPDOVROXWLRQ&RHOORDQG%HFHUUD>@UHYLHZHG02DQG
LWVDSSOLFDWLRQLQWKHILHOGRIPDWHULDOVFLHQFHVWDWLQJWKDW02
KDVEHHQXVHGLQRUGHUWRGHWHUPLQHWKLQJVOLNHPDWHULDODOOR\
SHUFHQWDJHVDQGSURFHVVLQJFKDUDFWHULVWLFV&RHOORDQG%HFHUUD
>@DOVRQRWHWKDW*$LVWKHPRVWZLGHO\XVHGDOJRULWKPLQWKH
ILHOGEXWUHFRJQL]H362DVDSRWHQWLDODOWHUQDWLYH
3. Methodology and Framework 
)LJXUH  LV D IORZFKDUW WKDW VKRZV DQ RYHUYLHZ RI WKH
SURSRVHG IUDPHZRUN 7KH IUDPHZRUN LV FRPSRVHG RI WZR
GLVWLQFW SDUWV WKDW DUH FRPELQHG WRJHWKHU WR IRUP D
FRPSUHKHQVLYH PHWKRG IRU VXVWDLQDEOH PDWHULDO VHOHFWLRQ
7KHVHSDUWVLQFOXGHDOLIHF\FOHFRVWPRGHODQGDQRSWLPL]DWLRQ
DOJRULWKP,QDGGLWLRQWRWKHVHWZRGLVWLQFWSDUWVRWKHUGDWDLV
SURSRVHG WR EH JDWKHUHG IURP D WUDGLWLRQDO /LIH &\FOH
$VVHVVPHQW/&$GDWDEDVHDQGVRFLDOPHWULFVWKDWZLOOQHHG
WREHGHYHORSHG$ORQJZLWKWKLVPDWHULDOSURSHUWLHVVSHFLILF
WRFDQGLGDWHPDWHULDOVDQGJHRPHWULFSURSHUWLHVVSHFLILFWRWKH
GHVLJQDUHSDVVHGDVLQSXWWRWKHDOJRULWKP
3URFHGXUDOO\WKHIUDPHZRUNSURJUHVVHVLQWKUHHVWDJHV7KH
ILUVW VWDJH LQYROYHV FROOHFWLQJ DGHTXDWH GDWD IURP H[WHUQDO
DQGRULQWHUQDOVRXUFHVLQUHJDUGVWRPDWHULDOSURSHUWLHVFRVWV
/&$ UHVXOWV DQG VRFLDO SHUIRUPDQFH LQGLFDWRUV 3DUWLFXODU
DWWHQWLRQ VKRXOG EH SDLG WR WKH DELOLW\ WR FROOHFW GDWD IURP
H[LVWLQJ GHYLFHV WKDW DUH DOUHDG\ LQ WKH ILHOG 7KLV LV ZKHUH
OHYHUDJLQJ WKH ,QWHUQHW RI7KLQJV ,R7 FDQ EH XVHIXO LQ WKLV
SDUWLFXODU DSSOLFDWLRQ 7KH VHFRQG VWDJH LQYROYHV XVLQJ D
GHYHORSHG 5 EDVHG OLIHF\FOH FRVW PRGHO >@ LQ RUGHU WR
GHWHUPLQH WKH WRWDO OLIHF\FOHFRVW WR WKHPDQXIDFWXUHUDQG WR
WKHFXVWRPHU7KHWKLUGVWDJHLQYROYHVXVLQJWKHFDOFXODWHGGDWD
FROOHFWHG LQ 6WDJH RQH DORQJ ZLWK WKH VSHFLILF PDWHULDO
SURSHUWLHVDQGJHRPHWULFSURSHUWLHVRIWKHFRPSRQHQW¶VGHVLJQ
DV LQSXW LQWR DQ DGYDQFHG DOJRULWKP LQ WKLV FDVH D JHQHWLF
DOJRULWKPZDVXVHG

0XOWL*HQHUDWLRQDO0HWKRGRORJ\

'HVLJQHUVWHQGWRRQO\WDNHLQWRDFFRXQWDVLQJOHJHQHUDWLRQ
RIDSURGXFWZKHQPDNLQJGHVLJQGHFLVLRQV VXFKDVPDWHULDO
VHOHFWLRQ+RZHYHUWREHDEOHWRH[WHQGWKHYLHZIURPVLQJOH
JHQHUDWLRQWRPXOWLSOHJHQHUDWLRQVWKHILUVWJHQHUDWLRQPXVWEH
FRPSOHWHO\ XQGHUVWRRG6KRZQ LQ)LJXUH LV D YLVXDO RI WKH
LGHDOPDWHULDO IORZRYHU D VLQJOH JHQHUDWLRQ7KHPDWHULDO LV
ILUVW H[WUDFWHG IURP WKH HDUWK WKHQ LW LV SURFHVVHG LQWR D
ZRUNDEOH PDWHULDO WR EH PDQXIDFWXUHG LQWR D SURGXFW
)ROORZLQJ WKH XVH VWDJH RI WKH SURGXFW WKH SURGXFW LV
5HFRYHUHGDQGWKHPDWHULDOLVSODFHGLQWRRQHRIWKUHHVWUHDPV
5HXVH 5HPDQXIDFWXULQJ DQG 5HF\FOLQJ:KDW WKLV GRHV QRW
VKRZLV WKHVXEVHTXHQWJHQHUDWLRQVRIWKHSURGXFWGXULQJ WKH
5HGHVLJQ SKDVH ,Q DGGLWLRQ VLQFH WKLV LV WKH LGHDO PDWHULDO
IORZ)LJXUHGRHVQRWVKRZWKHZDVWHVWUHDPIROORZLQJ WKH
XVH RI WKH SURGXFW ,QVWHDG WKH LGHD LV WR DGRSW WKH FLUFXODU
HFRQRP\FRQFHSWRISHUSHWXDOPDWHULDOIORZDQGFRQVLGHUWKH
UHFRYHUHG PDWHULDO DV WKH IRRG WR WKH QH[W JHQHUDWLRQ RI
SURGXFWV
6KRZQLQ)LJXUH WKHVLQJOHJHQHUDWLRQYLHZRIPDWHULDO
IORZ LV H[WHQGHG WR D PXOWLSOH JHQHUDWLRQDO YLHZ 7KLV
)LJ2YHUYLHZRIWKHSURSRVHGIUDPHZRUN
)LJ0XOWL*HQHUDWLRQDOYLHZRIPDWHULDOIORZ>@
)LJ,GHDOPDWHULDOIORZRYHUDVLQJOHJHQHUDWLRQ
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LOOXVWUDWHV WKH5HGHVLJQ VWDJH7KH KHOLFDO SDWWHUQ RIPRYLQJ
IURP RQH JHQHUDWLRQ WR WKH QH[W LV VXSSRVHG WR UHSUHVHQW
XWLOL]LQJ WKH PDWHULDO IURP RQH JHQHUDWLRQ WR WKH QH[W
JHQHUDWLRQRISURGXFWV7KLVPXOWLSOHJHQHUDWLRQFRQVLGHUDWLRQ
LV ZKDW WKH SURSRVHG OLIHF\FOH FRVW PRGHO DLPV DW
LPSOHPHQWLQJ


/LIH&\FOH&RVW0RGHO

$VVHHQLQ)LJXUHWKHOLIHF\FOHFRVWPRGHORIWKHPDWHULDO
IORZLVFRPSRVHGRIWZRGLVWLQFWDUHDVWKHPDQXIDFWXUHUDQG
WKHFXVWRPHU7KLVLVDQLPSRUWDQWGLVWLQFWLRQEHFDXVHWKH\DUH
WZR VHSDUDWH HQWLWLHV ZKLFK PDNH LQGHSHQGHQW GHFLVLRQV
KRZHYHU DV VHHQ LQ 5LYHUD HW DO >@ WKHLU GHFLVLRQV
VLJQLILFDQWO\ DIIHFW RQH DQRWKHU%UHDNLQJ WKH FRVW LQWR WKHVH
WZR DUHDV SURYLGHV WZR VLJQLILFDQW DGYDQWDJHV )LUVW VLPSO\
FDOFXODWLQJ WKH WRWDO FRVW LV LJQRULQJ ZKLFK SDUW\ LV DFWXDOO\
LQFXUULQJWKDWFRVW7KHSURSRVHGDSSURDFKDLPVDWEXLOGLQJLQ
WKH VWUXFWXUH RI WKH UHDOLW\ RI D PDQXIDFWXUHUFXVWRPHU
UHODWLRQVKLS7KHVHFRQGDGYDQWDJHLVWKDWWKHGHVLJQHUFDQVHH
WKH LPSDFW RI WKH LQFXUUHG FRVWV WR WKH PDQXIDFWXUHU PRUH
GLUHFWO\WKDQRWKHUDSSURDFKHV,QDGGLWLRQWRWKHVHDGYDQWDJHV
WKHPXOWLJHQHUDWLRQDODVSHFWJLYHVDQXQSUHFHGHQWHGDELOLW\WR
HYDOXDWHWKHWRWDOOLIHF\FOH

7RXQGHUVWDQGWKHFRPSUHKHQVLYHQDWXUHRIWKHFRVWPRGHO
WKH SUHVHQFH RI WKH GLIIHULQJ VWDNHKROGHUV PXVW ILUVW EH
UHFRJQL]HG 7KH FXVWRPHU DQG PDQXIDFWXUHU UHSUHVHQW WKH
H[SOLFLW VWDNHKROGHUV ZKLOH WKH HQYLURQPHQW DQG VRFLHW\
UHSUHVHQWLPSOLFLWVWDNHKROGHUV7KHJRDORIWKLVPRGHOLVDLPHG
DWVXVWDLQDEOHYDOXHFUHDWLRQIRUDOOVWDNHKROGHUVVRDOODVSHFWV
RI WKH OLIHF\FOH FRVW PXVW EH FRQVLGHUHG 0DWKHPDWLFDOO\
IRUPXODWLQJWKHOLIHF\FOHFRVWPRGHOWKHWRWDOOLIHF\FOHFRVW
FDQEHGHVFULEHGE\(TQ



7KH WHUP³WRWDO OLIHF\FOHFRVW´PD\VHHPDPELJXRXVDQG
XQLPSRUWDQWIURPWKHVLQJXODUSHUVSHFWLYHRIWKHPDQXIDFWXUHU
RUFXVWRPHUEXWLWJRHVEDFNWRWKHLGHDRIVXVWDLQDEOHYDOXH
FUHDWLRQ IRU DOO VWDNHKROGHUV LQYROYHG $OWKRXJK WKHVH WZR
GLIIHUHQWFRVWVDUHYHU\GLIIHUHQWLQQDWXUHWKH\ERWKPDNHXS
WKHWRWDOFRVWIRRWSULQWRIWKHSURGXFW:LWKWKDWLQPLQGHDFK
RIWKHVHWZRFRVWVFDQEHGHVFULEHGLQPXFKPRUHGHWDLODVLQ
(TQVDQG7KHFRVWWRWKHPDQXIDFWXUHULVGHILQHGDV
 




7KLV HTXDWLRQ FDQ EH EURNHQ GRZQ HYHQ IXUWKHU WR HDFK
LQGLYLGXDOFRVWFRPSRQHQW¶VHTXDWLRQ)RUFRQFLVHQHVV WKRVH
HTXDWLRQVZLOOQRWEH LQFOXGHG LQ WKLVSDSHU2QHPD\QRWLFH
WKDW WKHUH DUH VHYHUDO FRQVWDQWV WKDW KDYH EHHQ LQWURGXFHG LQ
RUGHU WR UHSUHVHQW GHFLVLRQV PDGH WKURXJKRXW WKH OLIHF\FOH
6SHFLILFDOO\ݔଷUHSUHVHQWVWKHSHUFHQWDJHRIUDZPDWHULDOWKDW
PXVWEHXVHGLQHDFKVXEVHTXHQWJHQHUDWLRQ7KLVLVDUHVXOWRI
WKH LQHIILFLHQF\ LQ UHF\FOLQJ UHPDQXIDFWXULQJ DQG UHXVH DV
ZHOO DV WKH SHUFHQWDJH WKDW LV QRW UHFRYHUDEOH 7KH PRUH
HIILFLHQWWKHSRVWXVHSURFHVVLVWKHOHVVWKLVIDFWRUSOD\VLQWR
WKHFDOFXODWLRQRIWKHFRVWWRWKHPDQXIDFWXUHU
7KHUH LV DOVRݔସ  ZKLFK LV WKH SHUFHQW RI PDWHULDO WKDW LV
UHFRYHUDEOH7KLVFDQEHHLWKHUE\FKRLFHRUGXHWRWKHLQKHUHQW
HIILFLHQF\ LQ WKH SURFHVV 7KH JUHDWHU WKLV SHUFHQWDJH WKH
KHDYLHU WKH ZHLJKW WKDW LV SODFHG RQ ܴܧ௜ DQG ܴܴܴ௜  7KH
FXVWRPHU FRVW HTXDWLRQ LV VLPLODU WR WKH PDQXIDFWXUHU FRVW
HTXDWLRQDQGLVGHILQHGDV


7KLV HTXDWLRQ FDQ DOVR EH EURNHQ GRZQ IXUWKHU WR HDFK
LQGLYLGXDO FRPSRQHQW¶V HTXDWLRQ 7KH PDMRU GLIIHUHQFH WKDW
RFFXUV LQ WKLV HTXDWLRQ LV WKH SUHVHQFH RI , 7KLV IDFWRU LV
GLIIHUHQW WKDQ WKH PXOWLSOLHUV XVHG LQ WKH PDQXIDFWXUHU
HTXDWLRQ,LVRQO\DSSOLHGWRWKHDFTXLVLWLRQFRVW7KLVIDFWRU
UHSUHVHQWV WKH SUHVHQFH RI DQ LQFHQWLYL]HG FRVW RU
UHLPEXUVHPHQW IRU UHWXUQLQJ WKH SUHYLRXV JHQHUDWLRQ
FRPSRQHQW$JRRGH[DPSOHRIWKLVLVVKRZQWKURXJKWKHFHOO
SKRQHLQGXVWU\0DQ\FRPSDQLHVDUHQRZRIIHULQJDEX\EDFN
SURJUDPZKHUHFXVWRPHUVDUH UHLPEXUVHG IRU WUDGLQJ LQ WKHLU
ROG HOHFWURQLFV IRU WKH QHZHVW YHUVLRQ 7KLV UHLPEXUVHPHQW
ORZHUVWKHDFTXLVLWLRQFRVWRIWKHQH[WJHQHUDWLRQSURGXFW>@
/RRNLQJDWWKHPRGHOJUDSKLFDOO\)LJVKRZVWKHOLIHF\FOH
FRVW /&&EHQHILW WKDWFDQEH UHDSHGZLWKHDFKRI WKH SRVW
UHFRYHU\ PDWHULDO VWUHDPV 1RWLFH WKDW WKLV JUDSK LV QRW D
)LJ3URSRVHGWRWDOOLIHF\FOHFRVWPRGHO>@
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FRQVWDQWUHODWLRQVKLSIRUDOOPDWHULDOVRUDOOFRPSRQHQWVEXWLV
D VQDSVKRW IRU D JLYHQ DSSOLFDWLRQ ,Q RWKHU ZRUGV DV WKH
FRPSRQHQWRUPDWHULDOVYDU\WKLVEHQHILWFXUYHZLOOFKDQJHDV
ZHOO>@


)URP WKLV JUDSK LW FDQ EH VHHQ WKDW 5HXVLQJ KROGV WKH
KLJKHVW HFRQRPLF EHQHILW 7KLV LV FRQVLVWHQWZLWKZKDW ORJLF
ZRXOGVD\LVWUXHIRUPRVWPDWHULDOVLQFRPPRQDSSOLFDWLRQV
2QH FDQ DOVR SXOO WKDW 5HPDQXIDFWXULQJ KROGV WKH VHFRQG
KLJKHVWEHQHILWZKLFKLVDOVRZKDWORJLFZRXOGVD\LVWUXHIRU
PRVWPDWHULDOV LQ FRPPRQDSSOLFDWLRQV/DVWO\ LI DPDWHULDO
FDQQRWEHSODFHGLQWRVXFKDKLJKYDOXHVWUHDPWKHQLWLVSODFHG
LQ WKH ORZYDOXH VWUHDP RI 5HF\FOLQJ )RU WKLV SDUWLFXODU
PDWHULDODEHQHILWLVVWLOOVHHQEXWLWLVFRQVLGHUDEO\ORZHUWKDQ
WKHKLJKYDOXHSRVWUHFRYHU\VWUHDPV>@

2SWLPL]DWLRQ

7KHRSWLPL]DWLRQDOJRULWKPFKRVHQIRULPSOHPHQWDWLRQLQWR
WKH IUDPHZRUN ZDV D *HQHWLF $OJRULWKP *$ 7KLV
HYROXWLRQDU\ DOJRULWKP ZDV FKRVHQ EHFDXVH RI LWV DELOLW\ WR
KDQGOHPXOWLREMHFWLYHSUREOHPVLWVUREXVWQHVVDQGLWVHDVHRI
LPSOHPHQWDWLRQ DORQJ ZLWK LWV FDSDELOLW\ WR HVFDSH ORFDO
RSWLPDDQGUHDFKDJOREDORSWLPXP$OWKRXJKD*$ZDVXVHG
LQ WKH GHYHORSPHQW RI WKH IUDPHZRUN WKH IUDPHZRUN LV
LQWHQGHG WR EH IOH[LEOH WR WKH DGDSWDWLRQ WR YDULRXV PDFKLQH
OHDUQLQJ DQGRSWLPL]DWLRQ WHFKQLTXHV DV ORQJ DV WKH SUREOHP
UHPDLQVWKHVDPH
)RU WKLV IUDPHZRUN WKHUH H[LVWV WZR W\SHV RI REMHFWLYH
IXQFWLRQV 7KH ILUVW W\SH LV UHVHUYHG IRU WKH
PD[LPL]DWLRQPLQLPL]DWLRQ RI WKH SHUIRUPDQFH RU
IXQFWLRQDOLW\RIWKHFRPSRQHQW7KLVFDQEHDQ\WKLQJDVVLPSOH
DV WKH ZHLJKW RU DV FRPSOH[ DV WKH EXFNOLQJ FULWHULD DQGRU
IDWLJXH OLIH RI WKH FRPSRQHQW 7KH VSHFLILF FULWHULD DQG WKH
QXPEHU RI FULWHULD XVHG LV HQWLUHO\ GHSHQGHQW XSRQ WKH
GHVLJQHU¶VGLVFUHWLRQDQGWKHFRPSRQHQWXQGHUHYDOXDWLRQ7KH
VHFRQGW\SHRIREMHFWLYHIXQFWLRQLVYHU\VLPLODUWR7\SH7KH
RQO\ GLIIHUHQFH LV WKDW LW LV UHVHUYHG VSHFLILFDOO\ IRU WKH OLIH
F\FOHFRVW
,QDGGLWLRQWRREMHFWLYHIXQFWLRQVWKHUHH[LVWVWKUHHGLIIHUHQW
W\SHVRIFRQVWUDLQWVWKDWDUHXVHGLQWKHLPSOHPHQWDWLRQRIWKH
*$ 7KHVH LQFOXGH GHULYHG WULSOH ERWWRP OLQH UHODWLRQVKLSV
XVHUGHILQHG UHODWLRQVKLSV DQG XVHUGHILQHG JHRPHWULF
FRQVWUDLQWV)RUFRQFLVHQHVVRQO\WKH%/UHODWLRQVKLSVZLOOEH
GLVFXVVHGLQWKLVSDSHU
)RU WKH %/ UHODWLRQVKLSV WKHUH DUH  GLIIHUHQW HQIRUFHG
UHODWLRQVKLSV WKDW DUH LQWHQGHG WR EH XVHG WR HQVXUH WKHUH LV
LPSURYHPHQW LQ WKH %/  7KH ILUVW UHODWLRQVKLS LV WKH
FXVWRPHUPDQXIDFWXUHU UHODWLRQVKLS 7KH LQWHQW RI WKLV
UHODWLRQVKLS LV WR PDNH WKH OLQNDJH EHWZHHQ WKH FRVW WR WKH
PDQXIDFWXUHUDQGWKHFXVWRPHU7KHQH[WUHODWLRQVKLSORRNVDW
HQVXULQJ WKH HQYLURQPHQWDO LPSDFW LPSURYHPHQW RI WKH
FRPSRQHQW7KHWKLUGUHODWLRQVKLSWDNHVWKHVDPHIRUPDVWKH
VHFRQGEXWZLWKWKHRQO\GLIIHUHQFHEHLQJWKHHQYLURQPHQWDO
LPSDFW LV VXEVWLWXWHG IRU VRFLHWDO LPSDFW 7KH ODVW %/
UHODWLRQVKLSLQYROYHVHQVXULQJWKDWWKHIXQFWLRQDOSHUIRUPDQFH
PHHWVWKHIDLOXUHFULWHULDVHWIRUWKE\WKHGHVLJQHU
4. Case Study 
'DWD&ROOHFWLRQDQG)RUPXODWLRQ

7KH IROORZLQJ FDVH VWXG\ LV DQ DFDGHPLF LOOXVWUDWLRQ
LQWHQGHGWRVKRZWKHUHOHYDQFHRIWKHSURSRVHGIUDPHZRUN,Q
DGGLWLRQWKHFDVHVWXG\DOORZVVSHFLILFDUHDVRILQWHUHVWWREH
KLJKOLJKWHGIRUIXUWKHULPSURYHPHQW$OVRIRUWKLVLOOXVWUDWLRQ
LW ZLOO EH DVVXPHG WKDW WKH ILUVW VWHS RI WKH IUDPHZRUN KDV
DOUHDG\EHHQFRPSOHWHG,QRWKHUZRUGVWKHGHVLJQREMHFWLYHV
KDYHDOUHDG\EHHQLGHQWLILHGDORRVHJHRPHWU\KDVDOUHDG\EHHQ
FKRVHQ DQG IDLOXUH PRGHV DQG FULWLFDO GHVLJQ FULWHULD KDYH
DOUHDG\EHHQGHWHUPLQHG
6LQFH WKHILUVWVWHS LVDVVXPHGWREHFRPSOHWHGFDQGLGDWH
PDWHULDOVPXVWEHLGHQWLILHGWRXWLOL]HWKHOLIHF\FOHFRVWPRGHO
DQG WR LPSOHPHQW WKH RSWLPL]DWLRQ IUDPHZRUN 7KH WKUHH
JHQHULFPDWHULDOVZLOOEHGHVFULEHGE\WKHQDPHV0DWHULDO$
%DQG&7DEOHVKRZVWKHWKUHHJHQHULFPDWHULDOVDQGWKHLU
UHVSHFWLYHFRQVLGHUHGPDWHULDOSURSHUWLHV

7DEOH/LVWRI*HQHULF&DQGLGDWH0DWHULDOV
Material Property A B C
Young's Modulus (GPa)   
Density (g/cm^3)   
Yield Strength (MPa)   
UTS (MPa)   
Shear Strength (MPa)   
Brinell Hardness    
Environmental Index (per cm^3)   
Societal Index (per cm^3)   

:LWKWKHVHWKUHHPDWHULDOVWKHOLIHF\FOHFRVWPRGHOPXVWEH
LPSOHPHQWHG LQ RUGHU IRU LW WR EH IHG LQWR WKH RSWLPL]DWLRQ
IUDPHZRUN)RUWKHSXUSRVHVRIWKLVLOOXVWUDWLRQWKHFRVWGDWD
ZLOOEHEURNHQGRZQDVVKRZQLQ7DEOH7KLVWDEOHVKRZVWKH
PDMRUFRVWHOHPHQWV WKDW IHHG LQWR WKHRYHUDOO OLIHF\FOHFRVW
)ROORZLQJ WKLV WKH JHRPHWULF FRQVWUDLQWV DQG XVHU GHILQHG
FRQVWUDLQWV KDYH WR EH GHILQHG LQ RUGHU WR IRUPXODWH WKH
RSWLPL]DWLRQSURFHVV

)LJ/&&%HQHILWRIWKHYDULRXVSRVWUHFRYHU\PDWHULDOVWUHDPV
>@
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
7DEOH/LIH&\FOH&RVW(OHPHQWVIRU&DQGLGDWH0DWHULDOV
Cost Element A B C
Manufacturer   
Raw Material Cost ($/kg)   
Processing and Manufacturing Cost ($/kg)   
Recovery Cost ($/kg)   
Remanufacturing, Recycling, Reusing Cost 
($/kg)
  
       Remanufacturing    
       Recycling    
       Capital Recovery    
Environmental /Societal Relations Cost ($/kg)   
Customer   
Acquisition Cost ($/kg) &DOF &DOF &DOF
Usage Cost ($/kg)   
Maintenance Cost ($/kg)   
Incentivization Factor   


5HVXOWVDQG'LVFXVVLRQ

7KH RSWLPL]DWLRQ IRUPXODWLRQZDV FRGHG LQ0$7/$% WR
XWLOL]H LWV PXOWLREMHFWLYH *HQHWLF $OJRULWKP *$ WRROER[
7KH*$WRROER[ZDVWKHQXVHGWRUXQWKHWKUHHFDVHVRIWZR
ILYHDQGWHQJHQHUDWLRQVWRFDSWXUHDUHVXOWIRUHDFKFDVH7KH
DOJRULWKPZDVUXQIRUJHQHUDWLRQVDQGWKHQWKHSRSXODWLRQ
ZDV H[DPLQHG WR GHWHUPLQH FRQYHUJHQFH$ VXPPDU\ RI WKH
UHVXOWV FDQ EH VHHQ LQ 7DEOH  ZKHUH 5 W / %) UHSUHVHQW
DUELWUDU\ JHRPHWULF GLPHQVLRQV XVHG WR LOOXVWUDWH WKH
DSSOLFDWLRQ

7DEOH6XPPDU\RI5HVXOWVIRUHDFK&DVH5DQ
Cases Material R (m) t (cm) L (m) BF
&DVH7ZR 0DWHULDO%    
&DVH)LYH 0DWHULDO%    
&DVH7HQ 0DWHULDO%    
Cases % Recycled % Reman. % Reused  
&DVH7ZR     
&DVH)LYH     
&DVH7HQ     

7KLV UHVXOW GRHV QRW QHFHVVDULO\ PHDQ WKDW LW LV WKH RQO\
RSWLPDO VROXWLRQ LQ WKH IHDVLEOH UHJLRQRI WKH VROXWLRQ VSDFH
$OWKRXJKWKLVLOOXVWUDWLRQZDVEDVHGRQVLPXODWHGGDWDLQRUGHU
WRDFDGHPLFDOO\VKRZWKHLPSOHPHQWDWLRQRIWKHIUDPHZRUNLW
UHYHDOVWKHDGGHGYDOXHWKDWFDQEHXWLOL]HGE\FXUUHQWGHVLJQHUV
WRGD\)XUWKHUPRUHLWOD\VWKHJURXQGZRUNIRUIXWXUHZRUN


5. Summary and Outlook 
7KLVSDSHUSUHVHQWVDIUDPHZRUNWKDWXVHVDFRPELQDWLRQRI
D OLIHF\FOH FRVW PRGHO EDVHG RQ WKH 5 PHWKRGRORJ\
WUDGLWLRQDOHQYLURQPHQWDODQGVRFLDOPHWULFVDQGLQGLFDWRUVDQG
DQ HYROXWLRQDU\ DOJRULWKP WR DVVHVV GHVLJQ GHFLVLRQV
VSHFLILFDOO\ UHODWHG WR PDWHULDO VHOHFWLRQ $ FDVH VWXG\
LOOXVWUDWLQJWKHUHOHYDQFHRIWKHIUDPHZRUNZDVDOVRSUHVHQWHG
7KHQRYHOW\FRPHVIURP WKH XWLOL]DWLRQRI WKH WRWDO OLIHF\FOH
FRVWDVWKHPHDQVWRHYDOXDWHWKHVXVWDLQDELOLW\RIDFRPSRQHQW
,QDGGLWLRQWKHLQWHJUDWLRQRIWKHPXOWLJHQHUDWLRQDOYLHZRU
WRWDOOLIHF\FOHZLWKWKHFRPSRQHQWOHYHODVVHVVPHQWJLYHVDQ
XQSUHFHGHQWHGYLHZRQSURGXFWGHVLJQ7KHIUDPHZRUNOD\VWKH
IRXQGDWLRQIRUIXWXUHZRUNWKDWFDQLQFOXGHXWLOL]LQJLQGXVWU\
UHOHYDQWGDWDLQWKHHYDOXDWLRQRIFDVHVWXGLHV
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